In search for novel nematic materials, a laterally linked H-shaped liquid crystal dimer have been synthesized and characterized. The distinct feature of the material is a very broad temperature range (about 50 o C) of the nematic phase, which is in contrast with other reported H-dimers that show predominantly smectic phases. The material exhibits interesting textural features at the scale of nanometers (presence of smectic clusters) and at the macroscopic scales. Namely, at a certain temperature, the flat samples of the material show occurrence of domain walls. These domain walls are caused by the surface anchoring transition and separate regions with differently tilted director. Both above and below this transition temperature the material represents a uniaxial nematic, as confirmed by the studies of defects in flat samples and samples with colloidal inclusions, freely suspended drops, X-ray diffraction and transmission electron microscopy.
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Introduction
Liquid crystals (LCs) with their numerous thermodynamically stable phases present a dramatic illustration of how a small alteration of the molecular structure can lead to profound changes in the long-range order. The simplest uniaxial nematic phase that enabled the LCD industry, is typically formed by rod-like molecules with a straight central rigid core and two aliphatic chains. The rods prefer to align parallel to each other, along a single axis, called the director n , setting anisotropic character of all physical properties of the material. [1] An intriguing example is represented by molecules with two rod-like rigid elements connected by a flexible aliphatic tail with an odd number of methylene groups [2] [3] [4] [5] [6] [7] [8] [9] [10] : these dimers form the so-called twist-bent nematic phase [11] [12] [13] [14] with nanoscale periodic modulation of the director. [15, 16] As shown by transmission electron microscopy (TEM), the underlying nanoscale periodic motif represents an oblique helicoid. [16] The structure is thus intermediate between the normal uniaxial nematic u (N ) and the chiral nematic.
The fourth nematic is the so-called biaxial nematic b (N ) , in which the uniform alignment of, say, the longest axes of the molecules, is accompanied by uniform orientation of the short axes. b N was first identified by Yu and Saupe in a lyotropic mixture of potassium laurate / 1-decanol / water system. [17] Although the biaxial order has been observed by other researchers in this and other lyotropic nematics, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] the issue remains controversial, as the studies by Berejnov et al. [28, 29] suggest that the biaxial order is only transient.
Existence of a thermotropic b N is even less clear. The most recent search focused on the so-called bent-core mesogens. In the bent-core materials with oxadiazole units, b N was identified in the studies of X-ray diffraction (XRD), [30, 31] Accepted in Liquid Crystals NMR & conoscopy, [32] electro-optical switching, [33] [34] [35] [36] and topological defects. [37] However, reexamination of how materials behave in the external fields and in confined geometries with topological defects, lead to a conclusion that two oxadiazole compounds, abbreviated C7 and C12, are uniaxial nematics that mimic the behavior of b N because of effects such as surface anchoring transitions. [38, 39] The b N phase was also claimed in the azo-substituted bent-core nematic A131, following XRD and DSC, [40] NMR, [41] conoscopy, [42, 43] and Raman scattering experiments. [44] . More recent NMR studies resulted in a conclusion that it is necessary to test the material for possible conformational changes [45] and that a transition within the nematic range of A131, identified as one from the uniaxial to the biaxial phase, can be associated with a slowing down of the molecular rotations around the long molecular axis. [46] Two other similar azo compounds have also been claimed to feature the b N phase on the basis of XRD [40, 47] and conoscopy [43] studies. However, explorations of electro-and magneto-optics, surface alignment and defects showed that the nematic order in A131 is uniaxial. [39, 48, 49] One of the reasons for the controversy is that uniaxial nematic phase can mimic the features of the b N phase in a variety of forms. Very often this mimicking behavior is rooted in the complexity of surface alignment of molecules with nontrivial shapes such as bent-core [38, 49] and tetrapodes mesogens. [50] An interesting example of mimicking behavior is demonstrated by a mesogen with four lateral flexible chains. [51] The biaxial-like features occur as a result of thermal expansion which triggers flows; the latter cause a biaxial tilt of the uniaxial director that can persist for hours because of high viscosity of the material. [51, 52] The examples above are by no means an indication that all of the potentially b N Accepted in Liquid Crystals are in fact uniaxial. As of today, the claimed existence of the b N phase has not been challenged for bent-core mesogens with oxadiazole [31, 53, 54] and azo-groups, [40, 43, 47] for strongly asymmetric units, [55, 56] and for the shape-persistent derivatives of benzodithiophene [57, 58] and fluorenone. [43, [59] [60] [61] The state of the art of biaxiality in bent-core nematics and in other shape LCs have been reviewer recently. [62, 63] Other molecular geometries, such as mesogens with four flexible chains, [64, 65] tetrapode derivatives [66] [67] [68] [69] [70] [71] Percec [72] [73] [74] with the b N features in phase behavior [72, 73] and in structure of wall defects. [74] It is of interest to note that optical biaxiality in the uniaxial nematic can be induced by the external electric or magnetic field, including the case of bent-core mesogens [75] [76] [77] [78] [79] [80] . However, the field-induced effects involve multiple mechanisms, including uniaxial and biaxial modifications of the order parameter and also modification of the director fluctuations, which are often difficult to separate from each other. [81, 82] In this work, we deal with the situations in which the electric field suppresses potentially biaxial features (such as domain walls, see below for more details) and thus does not induce the b N phase.
Obviously, the different symmetry of the long-range nematic order implies different types of physical properties and ensuing applications. Uniaxial nematics are widely exploited in LCDs, chiral nematics are used in light-reflecting devices, while twist-bend nematics show interesting polar electro-optic effects [4, 10] and distinct electric field-induced reorientation caused by dielectric anisotropy. [16] The biaxial Accepted in Liquid Crystals nematics are expected to speed up the electrooptic response as compared to their uniaxial counterparts. [83] The short review presented above makes it clear, however, that the identification of the true connection between the molecular structure and phase symmetry is often a difficult task and requires one to use multiple experimental techniques, especially those that do not depend on the integrated response of the sample but instead probe the local order, as in the case of topological defects.
In this work, in search for novel nematic materials, we have synthesized We conclude that the observed DWs are caused by the tilted alignment in AL2 cells. In thick samples, the orientation is tangential above 1Accepted in Liquid Crystals
Point defects in droplets and around colloidal spheres
Topological defects are often used for phase identification of LCs, as these are uniquely defined by the order parameter type. [89] The straightforward approach [38, 49, 50, [93] [94] [95] is to use colloidal settings in which the topological defects correspond to the equilibrium state of the LC. It can be a spherical droplet of a LC that must feature a certain number of topological defects because of its shape, [93] or it can be a colloidal sphere immersed in the LC bulk that causes similar defects around itself. [96] We explored both situations for RB01189, Figure 6 . were carried out following the sample preparation described in Ref. [16, 100] to check the physical presence of layered clusters. Most areas do not show periodic structures, which is consistent with the small size of the cybotatic groups. However, in some areas, we find regions with periodic modulations that extend in the direction perpendicular to the "layers" over a significant distance of about 100 nm. The periodicity of the fringes is (3.4-3.8 nm) in both cryo-TEM, Fig.7b , and in freeze-fracture TEM, Fig.7c , which is close to the length of the aromatic leg of the dimer, but significantly larger than the smectic layer spacing deduced from SAXS experiments. The cryo-TEM data might imply that the very small thickness of the cryo-TEM specimen (typically less than 100 nm) forces the molecules to be in the plane of the sample and reduces the tilt angle  .
A similar effect of confinement-induced suppression of the molecular tilt has been observed in smectic phases formed by bent-core molecules. [101] The freeze-fracture TEM data might be explained by the tendency of fractures to be along the lowest density of molecules, which is the direction parallel to the longest extension of the molecules.
Conclusions
In this study, we synthesized an H-shaped LC dimer RB01189 with a broad-range nematic phase and explored its physical properties. The material is a uniaxial nematic with embedded smectic nanoclusters that exist in the entire range of the nematic phase.
The smectic nanoclusters are evident not only in the X-ray scattering experiments, but are also directly visible in two different modes of TEM observations.
Despite the complex molecular structure, the rubbed polyimide layers of PI2555 can align RB01189 uniformly. At some aligning substrates, such as SE5661, the H-dimer 13 Accepted in Liquid Crystals material shows surface anchoring transitions, with the director changing its surface orientation from tangential to tilted. The transition is accompanied by appearance of the domain walls, across which the uniaxial director changes its orientation from tilted to planar and back to tilted, to accommodate two neighbouring domains with a different direction of tilt. The walls are similar in appearance to the secondary disclinations described recently as a feature of the biaxial order but in the H-material under study, they have a very different nature associated with the variation of surface orientation of the uniaxial director. Finally, the broad temperature range of the nematic phase makes the H-dimers suitable candidates for the search of the remaining missing nematic, the so-called splay-bend phase. [11, 12, 14] It is expected that H-dimers with an odd number of methylene groups in the aliphatic bridge might form splayed configurations that would facilitate a formation of the splay-bend nematic. These studies are in progress.
Experimental section
Sample Preparation for Small Angle X-ray Scattering Studies: The materials were filled into 1 mm diameter quartz X-ray tubes, which were then mounted into a custombuilt aluminium cassette that allowed X-ray detection with 
